The aim of this study was to evaluate the diagnostic performance of breast ultrasound (US) computer-aided diagnosis (CAD) to distinguish between benign and malignant lesions and analyze features of lesions interpreted with errors retrospectively. Materials and Methods: Three hundred and sixteen women with 375 breast lesions were enrolled. We assessed the accuracy, sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV). Additionally, we evaluated the causes and patterns of the misinterpretation in the false positive and negative groups. Results: The accuracy, sensitivity, specificity, PPV, and NPV of breast US-CAD were 80.3%, 83.3%, 79.8%, 37.7%, and 97.0%, respectively. There were 8 false negative lesions that were oval in shape and in parallel orientation. There were 66 false positive lesions. The greatest number of errors entailed inappropriate demarcation due to heterogeneous echogenicity, etc. The second exhibited suspicious features with good demarcation and description but were confirmed as benign histologically. The third entailed a benign lesion with suspicious features, such as abscesses. The smallest portion with good demarcations and descriptions indicating benign status exhibited possible malignancy as a final conclusion. Conclusion: Breast US-CAD is expected to be helpful in avoiding unnecessary biopsies due to its high NPV. Therefore, operators need to know the characteristics of lesions prone to misinterpretation. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
INTRODUCTION
Breast cancer is the most common malignancy in women and the second leading cause of mortality worldwide (1) . In Republic of Korea, breast cancer is the second most common malignancy and fifth leading cause of mortality in women (2) .
It is important to detect cancer early to reduce the mortality rate, and this requires an accurate and reliable diagnostic method. In clinical practice, breast ultrasound (US) is an important modality for detecting breast cancer, along with mammography (3) . Compared with mammography, breast US is an easily available imaging tool that does not involve a radiation hazard. However, operator dependency remains the main limitation (4) .
From that perspective, computer-aided diagnosis (CAD) systems in breast US have been developed for lesions and can characterize and improve the differentiation between benign and malignant lesions. Many studies have applied CAD systems to breast US to demonstrate the efficiency of CAD systems and to evaluate the usefulness of CAD systems for improving diagnostic accuracy (4) (5) (6) (7) (8) (9) (10) (11) . There are two algorithms in breast US-CAD systems for lesion interpretations. One is the interpretation according to the breast imaging reporting and data system (BI-RADS) lexicon, which is known as the knowledge-based analysis, and the other is the deep-learning algorithm, which is known as statistics-based analysis. that is based on a deep-learning algorithm that uses big data and provides assistance in morphological analysis based on the BI-RADS lexicon and final assessment (4, 12) . S-Detect might be very useful in improving the diagnostic performance of breast US for assistance in either lesion detection or the decisionmaking process during practice. This system has been reported to improve the diagnostic performance of radiologists by proper application of these computer-aided programs (4, 11, 13) .
Moreover, S-Detect is known as a clinically feasible diagnostic tool that can be used to improve the specificity, positive predictive value (PPV), and accuracy of breast US, regardless of the experience of the radiologist (9, 10) . However, combining CAD with breast US is known to be more useful than CAD alone (10) .
No study has analyzed the patterns of lesions that are wrongly interpreted by CAD.
Therefore, the purposes of this study were to evaluate the diagnostic performance of the CAD system (S-Detect) and to retrospectively analyze the features of the lesions interpreted with errors.
MaTeRIalS aND MeThODS
This retrospective study received approval from the ethics committee of our institution, and agreement from all patients was obtained for this study (Seoul St. Mary's Hospital, The Catholic University of Korea, IRB No. KC15DNSI0027).
Study Population and CAD System
Between October 2015 and August 2016, four radiologists (with 5-17 years of breast imaging experience) performed the grayscale US and applied the CAD system for the consecutive patients had undergone planned breast US for screening or diagnostic purposes.
All suspicious or probable benign breast lesions were analyzed according to the BI-RADS lexicons and categories; therefore, lesions with BI-RADS categories 3, 4, or 5 were included. Known postoperative changes and typical multiple BI-RADS category 2 lesions were excluded in this study.
We used US (Samsung Ultrasound RS80A; Samsung Medison Co., Seoul, Korea), including the CAD system. When the radiologist identified the center of the breast lesion by touching the screen, a region-of-interest was automatically drawn along the border of the mass. Several drawn borders were presented on the screen of the US, and the radiologist who performed the breast US selected the most appropriate border of the picture.
With respect to the lesion, the BI-RADS, which had US features according to the BI-RADS lexicon and final assessment classifications, were automatically analyzed and demonstrated by the CAD system. In this CAD system, the final assessment classification was divided into 'possibly benign' and 'possibly malignant' (4, 10) . The cutoff for differentiating benign and malignant lesions by the radiologist was set at category 4A and category 4B. Pathologically confirmed benign and malignant lesions, and lesions that were stable for more than 2 years were included. Stable lesions meant that the size and shape of the lesions showed no significant changes for more than 2 years since the initial diagnosis on US.
Statistics
For these breast lesions, the accuracy, sensitivity, specificity, PPV, and negative predictive value (NPV) of the CAD were calculated. The interobserver agreement for the BI-RADS lexicon and final assessment between the radiologist and the CAD and the patterns of misinterpretation were obtained. The agreement between the lexicons in grayscale US and those in CAD were examined using the coefficient for inter-rater agreement (Cohen kappa). The interpretation was based on the following five scales: poor (less than 0.2), fair (0.21 to 0.4), moderate (0.41 to 0.60), good (0.61 to 0.80), and very good (0.81 to 1.00) (14) .
The statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) statistics software 24.0 (IBM Corp., Armonk, NY, USA).
ReSUlTS
All 375 breast lesions in 316 patients (mean age, 48.8 ± 11.5 years) were included in the analysis. The characteristics of the breast lesions are shown in Table 1 
Interobserver Agreement between Radiologists and the CAD System
The interobserver agreement between the radiologists and CAD is shown in Table 2 . The shape and orientation reveal the moderate degree of agreement. The margin, echogenicity, and posterior features reveal a fair degree of agreement. When the cutoff differentiating the benign and malignant lesions by the radiologist was set at category 4A, the final assessment revealed a moderate degree of agreement, and when the cutoff was set at category 4B, the final assessment revealed a fair degree of agreement.
Diagnostic Performance of CAD System
The diagnostic performance of CAD is summarized in Table   3 . The accuracy, sensitivity, specificity, PPV, and NPV of breast US CAD were 80.3% (301/375), 83.3% (40/48), 79.8% (261/ 327), 37.7% (40/106), and 97.0% (261/269), respectively.
False Negative Interpretation of CAD System
There were 8 false negative interpretation cases. The patterns are summarized in Table 4 . Mostly, the lesions with false negative interpretations were oval shaped with parallel orientations, which generally belonged to the category of 'well-circumscribed' breast carcinomas ( Fig. 1 ). Four lesions of 8 false negative cases were mucinous or papillary carcinomas. 
DISCUSSION
US BI-RADS has substantially contributed to improving communication between physicians and radiologists, but observer variability remains a major limitation of US, which is considered problematic, considering the wide application of breast US (4) . As technology has evolved, various imaging methods have been developed that differentiate breast masses as seen on grayscale US to aid image interpretation and decision-making based on this interpretation, such as elastography and US-CAD (4, 6, 9, 11, 13, 15, 16) . In this study, we evaluated the di- Fig. 1 . Imaging findings from a 56-year-old woman who had ductal carcinoma in situ, an example of a false negative interpretation of CAD. CAD interpretation of this lesion as possibly benign with oval parallel, circumscribed hypoechoic features. CAD misinterpretation of 'well-circumscribed' breast carcinomas as benign lesions. CAD = computer-aided diagnosis Fig. 2 . Imaging findings from a 60-year-old woman who had an involuting fibroadenoma, an example of first type error of a false positive interpretation of CAD. This breast lesion was known as an involuting fibroadenoma. Heterogeneous echogenicity of this mass is applied to CAD, and due to its heterogeneity, the lesion shape is read as an irregular shape with a microlobulated margin, and the final assessment is possibly malignancy. CAD = computer-aided diagnosis jksronline.org J Korean Soc Radiol 2018;79(3):114-122 agnostic performance of US-CAD in the differential diagnosis of breast masses seen on US. This is the first study to retrospectively analyze the features of lesions interpreted with errors based on the diagnostic performances of US-CAD, because the majority of earlier studies focused only on the results of diagnostic performance or the comparison to radiologists (4, 9, 11, 17) . In this study, CAD had high sensitivity, specificity, NPV, and accuracy; the significantly high value of the NPV was 97.0%.
Additionally, the interobserver agreement between the radiologists and CADs had moderate to fair degrees. There was even a moderate degree of agreement in the final assessment categories between the radiologists and the CADs when the cutoff differentiating the benign and malignant lesions by the radiologist was set at category 4A. When the cutoff differentiating the benign and malignant lesions by the radiologist was set at category 4B, the final assessment revealed a fair degree of agreement.
We evaluated the patterns of lesions that were wrongly interpreted by CAD as false negative patterns and false positive patterns. First, the lesions of the false negative interpretations included 8 cases. Mostly, the lesions were oval shaped with parallel orientations and generally belonged to the category of 'well-circumscribed' breast carcinomas. Most circumscribed breast masses are known to be benign lesions. However, 10-20% of breast malignancies are circumscribed masses, and these malignancies include papillary, mucinous, medullary, and metaplastic carcinomas, as well as malignant phyllodes tumors (6, 18) . In this study, 4 lesions of the 8 false negative cases were mucinous or papillary carcinomas. Importantly, it is not easy to differentiate these circumscribed breast malignancies from benign breast lesions with conventional imaging modalities such as mammography and grayscale US. US-CAD also exhibited limitations for these 'well-circumscribed' breast carcinomas because US-CAD uses computer-based analyses that are based on the morphologic features found on grayscale US.
Second, the lesions that led to false positive interpretations included 66 cases. These cases were categorized into four types. Third type errors, accounting for 22.7%, were known as benign lesions with suspicious features, such as abscesses. Both first and third type errors, which accounted for more than half of all of the false positive lesions, could be corrected with clinical background and imaging provided by CAD. The last or fourth type error comprised the smallest portion (10.6%) and was misinterpreted lesions with proper demarcations and benign nature descriptions with 'possibly malignancy' conclusions. This fourth type error was a real error of the CAD system. However, this real error was rare, and the CAD system is based on the deep-learning algorithm with big data, so improvements with more cases can improve these types of errors.
This study has some limitations. First, all of the evaluations were performed by 4 radiologists, and the variability between the operators was not considered. When the CAD analysis was applied to any lesion, the radiologist had to identify the center of the breast lesion that he or she scanned, which could differ depending on the radiologist. Second, this study did not contain the radiologists' performance analysis in detail; it contained only the interobserver agreement between the radiologists and CAD. We intended to focus on the evaluation of the diagnostic performance of the CAD system and the analysis of the lesions interpreted with the errors in the CAD system in this study.
In clinical practice, the CAD system might be used as a diagnostic tool to improve the NPV of breast US and as a guide in decision-making for breast masses that are detected on grayscale US. This system is expected to be helpful in avoiding unnecessary biopsies due to its high NPV and could reduce medical costs for patients. Therefore, operators need to know the characteristics of lesions that are prone to misinterpretations from the CAD system and should consider the clinical history and findings of other imaging modalities.
